The output-power and conversion efficiency of the Los Alamos gyrocon were increased by a factor of 150 in the past year. Major improvements in the phase-and amplitude-control system and in understanding the electron multipactor and surface-conditioning processes increased the output power. The highest measured efficiency on this gyrocon is 23%, which was obtained with several combinations of parameters. Both the output power and the efficiency are a factor of 3 below the design values, and several possibilities are being examined to remove the discrepancy between theory and experiment.
Introduction
The gyrocon deflection-modulated amplifier is a descendant of the Bermutron,I which was investigated in the 60s. Two gyrocons have been built by Budker's group2 in the Soviet Union, and the dc-to-rf conversion efficiencies are reported to be over 75%. A computer simulation of the gyrocon interaction3 was written at Los Alamos. This simulation showed that very high electronic efficiencies (above 85%) are achievable in the gyrocon, and although the circuit efficiency is rather low by klystron standards (90%), overall efficiencies above 70% should be possible. Many cases were calculated in the UHF range that had an 80% overall efficiency. A gyrocon with a radial field output cavity and a conical bender solenoid ( Fig. 1 ) was designed for operation at 450 MHz, a frequency used for proton accelerators. The electron beam enters the device at the top, from an electron gun, not shown in Fig. 1 of the deflection cavity. Most of these tuners locate the two degenerate modes at right angles and center the modes about a coupling loop. The tuners opposite the drive loops adjust the two modes' frequencies.
The bender cone has a water-cooled copper nose, but the cone itself is stainless steel, water-cooled on the coil side. The simulation code predicted that the bender solenoid should have constant ampere turns per unit length. These coils are built to fit snugly within the bender cone, and the entire inside of the cone is water-cooled. The output cavity is made of copper-plated stainless steel, with axial water channels for cooling. Solid The 1982 Experimental Results A spectrum analyzer was used to examine the power spectrum of the 1-kW output power. The first discovery was that the collector water lines were radiating microwaves that were disturbing the spectrum analyzer and oscilloscope. After several experiments with capacitor by-pass schemes, the collector had to be grounded solidly to eliminate this rf interference.
The output-power spectrum was examined, and strong outputs were found at each integer multiple of 446 MHz, the drive frequency. After some attempts to calibrate the waveguide couplers at the harmonics and the observation that the output frequency tuners had no effect on the output power, it was realized that the output power was the untuned response of an impulse-excited circuit. The multipactor was destroying the cavity resonance. If this hypothesis were correct, the multipactor discharge in the output cavity had to be stopped before any real progress could be made. The output cavity was driven by the 1-kW torr, was driven into the 10-6 torr range when the multipactor began. Two weeks of conditioning was required before the output cavity could withstand several kilowatts per output loop. When the gyrocon was operated, it produced the same few kilowatts per loop, but then the output cavity would multipactor and no additional power could be produced. The encouraging point was that the power spectrum now was essentially pure, and the traveling wave in the output was being excited by the beam. After 2 days of conditioning, the output power increased to 30 kW, and after 4 more days of operation, 53.3 kW was reached. The rf pulse lengths were kept to 50 ps and the repetition rate was 1 or 2 Hz. Each rf pulse produced a gas burst that was visible on the ion pump. The fields in the deflecion cavity would sometimes multipactor and remain at a low level. A logic circuit was made that compares the two deflection cavity fields with a reference; if both fields are large enough, the circuit sends the beam-on pulse to drive the modulator. The power output remained at 53 kW for several weeks. The phase-and amplitude-control system on the deflection cavity was improved, but this did no good. When the deflection fields were rotated in the other direction by changing the phase of one drive by 1800, the output power jumped to 87 kW, which grew to 100 kW in 2 weeks of 8-h/day operation. The beam current was 5.3 A in these experiments, and the modulator was modified to produce 8 A of beam current. This brought the power up to 150 kW and an overall efficiency of 23%. After 2 weeks of operation, the output power remained at 150 kW. Tuners were placed in the output waveguide to vary loaded Q, and more, or less, voltage was produced in the output cavity, but the output power was reduced. The gyrocon was operated for several days with high output-cavity fields by reducing the coupling to the load, but when the coupling was adjusted back to normal, 150 kW was all that could be produced. Two months were spent in this coupling experiment, and the best loaded Q is half the unloaded Q.
The electronic efficiency may well be twice the overall efficiency. The gyrocon output cavity was opened, and the output cavity and the output coaxial lines were coated with titanium. The gyrocon has been reassembled, and it will be retested in the future, as funding permits. Thus, the peak output power remains at 150 kW, and the best overall efficiency is 23%.
Conclusions
The experiments so far have definitely proved the feasibility of the gyrocon's operating principle. The output power is quite sensitive to the phase of the two drive signals, the output-cavity tuning, and the magnets' settings. The direction of the beam's spiral is also important, as has been predicted by the analysis code. The reasons for the difference between the actual performance and the predictions of the analysis code remain unknown. The most likely cause is the fringe field that extends through the output-cavity gap. The output-cavity gap is 8 cm wide in a cavity that also is 8 cm wide. The fringe fields extend rather far, both into the bender region and into the collector region, whereas the code assumes that the cavity fields end abruptly at the inner and outer radii of the output cavity. The author suspects that the true transit time of the electrons in the output fields may be substantially larger than the time used in the code, and that this may be the reason for the major discrepancy between the theory and experiment. Some analysis of the fringing problem has been done, but this has not yet been incorporated into the design code. A method of attaching grids to the apertures on the output cavity has been designed, and a grid between the output cavity and the collector may be tried in the future.
At the 150-kW output level, the output pulses have some high-frequency noise, which may be an indication of electron multipactor. A coating of titanium has been applied to the output cavity, and tests at low power indicate that the cavity is more resistant to multipactor than before. A power test with the new coating wi1l be the next step in the experimental program.
In summary, the gyrocon has produced significant output power from the first prototype device, and most of the theoretical predictions have been experimentally confirmed. Thus the gyrocon should be considered for high-power, high-efficiency microwave generation for frequencies between 200 and 2000 MHz.
